In a cross-sectional survey of 5420 children in northern Bangladesh, 124 were reported to have night blindness by their parents. Of these, 105 cases along with controls matched for age, sex, and neighbourhood had their scotopic vision examined under standard conditions using a luxometer, underwent an ophthalmological examination, and had their serum vitamin A level determined. The mean serum vitamin A level was lowest among children identified as night blind by both their parents and the investigators (16.3 pg/dl; 95% confidence interval (Cl), 13.9-18.7) and highest among those identified as not night blind by both their parents and the investigators (23.6 pg/dl; 95% Cl,). The results show that parents' report of their children's night blindness had low sensitivity compared with diagnosis using standard observations of scotopic vision with a luxometer.
Introduction
Vitamin A deficiency is the main cause of irreversible childhood blindness (1) (2) (3) (4) . Vitamin A is a key precursor in the biosynthesis of rhodopsin ("visual purple") required by the rods, the retinal photoreceptors responsible for vision under low levels of illumination. Night blindness, also known as hemeralopia and nyctalopia, results from impaired dark adaptation by the light-sensitive retina. Night blindness was previously considered only to be a secondary sign of xerophthalmia and an unreliable criterion for assessing the burden of vitamin A deficiency (5) (6) (7) .
In recent years, biochemical and histological methodologies have been developed for assessing vitamin A nutritional status in humans at subclinical levels. Application of these specialized methodologies in population-based surveys has, however, been limited because they require expensive instrumentation and there is a lack of trained personnel. Therefore, most field assessments of childhood night blindness have relied on parents' reports of the condition (8) (9) (10) (11) (12) (13) . However, the validity of this method for assessing the true level of night blindness has recently been the subject of discussion (14, 15) . 1 Research Fellow, Centre for International Health, University of Bergen, Haukeland Hospital, N-5021 Bergen, Norway. Requests for reprints should be sent to Dr Hussain at this address. 2 Professor and Director, Centre for International Health, University of Bergen, Bergen, Norway. 3 Professor, Department of Ophthalmology, University of Bergen, Bergen, Norway.
Reprint No. 5621 The objective of the present study was to compare the diagnosis of night blindness based on parents' reports with those based on observation of scotopic vision under standard conditions using a luxometer and on measurements of serum vitamin A concentration in venous blood.
Materials and methods
The study was carried out in Ranjpure district, northem Bangladesh, in 1992. Following a multistage random sampling procedure, we selected 2101 households corresponding to 10 757 persons, of whom 5420 were children aged 0-15 years. Parents were interviewed about the occurrence of night blindness among their children. The interviews were conducted in the local dialect. In addition, diagnosis of night blindness was strengthened by posing in-depth questions. Details of the interviewing procedure have been reported previously (13) . A total of 124 children aged 2-15 years were registered as having night blindness following interviews with their parents. There were no cases registered among under-2-year-olds. Whenever a case of night blindness was detected, a control was selected from the first neighbouring household that had no child with symptoms of night blindness and who matched the case for sex and age group (2-3, 4-6, 7-8 and 9-15 years). The cases and controls were invited for further examination 1-5 weeks after the interview, and among the investigations carried out were the following: anthropometric measurements, observation of scotopic vision, ophthalmological examination, and collection of venous blood for assessment of serum vitamin A level.
A total of 124 cases of night blindness and 124 controls were selected from 105 and 117 households, respectively. Only data from the first case of night blindness in each of the households (105 cases) along with the selected controls (105) are included in the present analyses. Of these, 105 cases and 104 controls had their scotopic vision examined, 103 cases and 104 controls received an ophthalmological examination, and 87 cases and 97 controls had their serum vitamin A level measured ( Table 1 ). The verbal consent of the parents was obtained before the examinations were conducted, and they were informed that they could withdraw their children at any time.
The diagnosis of night blindness was reassessed using the procedure described below. The eyes of the cases and controls were first covered for at least 10 minutes with a piece of dark cloth to induce dark adaptation before each of them was taken into a twilight room equipped with a voltage-regulated electric lamp, a luxometer, and a set of objects of various sizes (diameter from 8-10 mm to 25-30 mm) and colours. Colour contrast was established using different coloured sheets that were laid down on the floor on which the objects were placed. Each child was then told to pick up the smallest objects they could see under twilight conditions. The procedure was repeated at gradually increasing levels of illumination and the degree of night blindness was determined by reading from the luxometer the amount of light (illuminance) needed for the child to pick up all the objects without difficulty. The severity of night blindness was graded as follows: normal, 0-4 lux (level of illuminance necessary for the investigators to identify the objects); and night blind -moderate (5-9 lux); distinct (10-19 lux) ; severe (.20 lux).
The severity of night blindness and the ophthalmological findings were recorded using a singleblind study design. The children were registered by the ophthalmologist using their household and area number without disclosing their case-control status.
Later these findings were matched with the information collected at the interview.
A sample of 1.5-2.0 ml of free-flow venous blood was drawn from each of the 87 cases and 97 controls using a 3-ml disposable syringe and transferred to a microtube. The tubes were then wrapped with black tape and placed in an ice-bag. Care was taken to avoid shaking the tubes before they were centrifuged. The blood samples were stored in an insulated cool-box for 30 minutes and then centrifuged at room temperature for 15 minutes at 2000 rpm. The sera were separated into another black screw-cap vial, labelled, and frozen at -20°C within 2-8 hours of being collected. Every 10 days, the samples were transported on dry ice to the Intemational Centre for Diarrhoeal Disease and Research, Bangladesh (ICDDR, B), where they were analysed using high-performance liquid chromatography (HPLC) (16 (Table 4) . For the cases, serum vitamin A level was related to the severity of night blindness (P = 0.02), while for the controls the association was weaker (P = 0.14).
The odds ratio for the occurrence of night blindness according to the parents' diagnosis was inversely related to the serum vitamin A level. The relationship was stronger when the analysis was restricted to cases and controls confirmed by observation of scotopic vision (Table 5 ). In these groups, those with serum vitamin A <10 pg/dl had an odds ratio of 28.9 compared with the reference group with serum vitamin A levels >30 pg/dl. A total of 53 cases (60.9%) and 42 controls (43.3%) according to parents' diagnoses had serum vitamin A levels <20 pg/dl (P <0.05). Among those whose diagnosis was confirmed by observation of scotopic vision, 71.9% of the cases and 40.9% of the controls had serum vitamin A levels <20 pg/dl (P <0.01).
Of the 103 children with night blindness according to their parents' diagnosis, 38.8% were found to be suffering from ocular abnormalities upon ophthalmological examination, compared with 26.0% of the 104 controls (P = 0.07) ( Table 6 ). (Table 4) . Furthermore, a clear and statistically significant trend was observed between decreasing mean serum (18) . The cases and controls were matched for age, sex and neighbourhood, thereby ensuring that the socioeconomic conditions and environmental factors that could influence the occurrence of disease were comparable for cases and controls. Moreover, the proportion of children reported to have suffered from an illness in the 2 weeks prior to their examination was similar for cases (49%) and controls (48%), and it is therefore unlikely that the results were markedly influenced by differences in the occurrence of infectious diseases among cases and controls.
The prevalence of night blindness among the controls was probably higher than that among a random sample of children in the study area, since the controls were matched for residence, and lived in a neighbourhood with a higher than average prevalence of night blindness. Nevertheless, the true prevalence of night blindness in this community is probably considerably greater than the estimate based on parents' diagnosis only. Thus, parents' reports of a history of night blindness can only provide a crude estimate of the prevalence in a community. Determination of serum vitamin A level is often used to assess the severity of hypovitaminosis A in a community. However, such measurements are expensive, time-consuming, and require trained personnel as well as sophisticated instrumentation. Among the children selected as controls and whom we confirmed not to be night blind, 41% had serum vitamin A levels <20 pg/dl, which is considered to be low (10) . A large proportion of the children in the study area therefore have chronic low serum vitamin A levels and hence are at high risk of developing night blindness and other signs of xerophthalmia. This finding is also in agreement with studies of serum vitamin A levels in other areas with a high prevalence of night blindness. For example, a study in India (19) showed that the mean serum vitamin A level among children who were not night blind was 17.5 pg/dl, while in Indonesia 45% of children reported not to be night blind and who did not have A. Hussain et al.
Bitot's spots had serum vitamin A levels <20 pg/dl (9) . These findings support the need for a simple and sensitive method for early detection of night-blind children.
Five of the 57 confirmed cases of night blindness had normal serum vitamin A levels (.30 pg/dl).
All these five children were aged 9-15 years. It has previously been suggested that night blindness may be the earliest clinical sign of vitamin A deficiency, and that it can occur at serum vitamin A levels >20 pg/dl (8, 20, 21) . For example, a study in Brazil reported that 21% of children with initial serum levels >30 pg/dl had positive dose-response tests, indicating inadequate vitamin A status (22) . However, the odds ratio for the prevalence of night blindness was inversely related to serum vitamin A level, particularly at levels <10 pgldl ( Although the estimated prevalence of night blindness based on parents' diagnosis is a crude indicator of the severity of the problem in a population, it can still have value provided the sensitivity and specificity of the parents' diagnosis do not change much over time. Under these circumstances, this approach can still be used to identify populations in need of intervention programmes and to provide a crude assessment of the prevalence of night blindness over time in a given population. Future studies of the prevalence of night blindness should employ a standard method of observing random samples of children. The present study showed that the use of a luxometer in addition to parents' histories of night blindness increased the sensitivity of the diagnosis, and that, if possible, serum vitamin A levels should also be determined. 
